
OROTIC ACID AND ITS ANALOGUES 
PART 11. ON THE ALKALINE REARRANGEMENT OF 

5-CARBOXYMETHYLIDENEHYDANTOIN1~ ? 

ABSTRACT 

The in vitro conversion of 5-carboxy~~lethylidenehyda~itoin to orotic acid is not likely to 
occur in \.ivo since the two substances have antagonistic elfects (2). A sulphur analogue of the 
above hydantoin has been prepared and shown not to undergo alkaline rearrangelnent to the 
corresponding metathiazine structure. The mechanism of orotic acid formation is discussed. 

Since its discover) in 1905 by Biscaro and Belloni (3),  orotic acid (11) has aroused 
an ellornlous interest among biochemists (see in particular (4) and (5)) for its importance 
as  a pyrimidine precursor of 11ucleic acids. A large amount of synthetic work has been 
done on orotic acid itself (6) and on its analogues ('i), but comparatively little attention 
has been given to the mechanisms of its formation, from a p~lrely chemical point of 
viexv. 

At first orotic acid \\.as believed to be a seven-mentbered ring contpound (3) ,  but it 
was soon shox\.11 to be uracil-6-carboxylic acid (8, 9).  I ts synthesis froin ethyl oxalo- 
acetate and urea xvas el-roneousl>. believed to  give directly ethyl orotate (10) ; later the 
ester was proved to  be in fact 5-carbethoxymethylidenehydmtoin (11). X similar error 
was made by Biltz and Iiramer (12), xvho st~ldied the alkaline decomposition of a 
diazoacetate clerivative of alloxait to give again the hyclantoin and not the six-membered 
ring ester. 

A11 these facts prompted us to reinvestigate the mechanism of the formation of orotic 
acid aitcl xve chose a t  first the reaction of eth>,l osaloacetate and urea (I11 -+ I ) ,  as  
described by 1Iiiller (13) ancl discussed by S > - c  aitd 1Iitchell (14). The latter authors 
postulated a mechanism which iltvolves opening of the hyclantoin ring betweeit positions 
three ctlld four to  give tlte hyclantoic acid which closes again to give the pyrimicline. The 
reaction was follo~xlecl spectrophotometi-ically in a1l;alil~e solution and it xvas f o u i ~ I  that  
orotic acid is formecl previous to  acidification. The hyclantoic acicl was not isolated, 
though in other uilsaturated hyclantoins eviclerzce of the open-chain compound has been 
obtaiiied (14). Tha t  an open-chain-ring tautomerisin exists in the hydaittoin conversion 
to orotic acid \ \as  clearly demonstrated by Langley (15), who was able to show that  
a C1' carbolt atom in position four in the hydantoin ring is present as a carboxyl in the 
orotic acid; this Ivas confirmecl by the quantitative recovery of the raclioactivity in the 
COs follon~ing clecarboxylation (the remaining ~lracil beiitg inactive). We were iitterested 

I I 
OC C=CH-COOR 130- C 1 1 -?o? non-radioactile 

\I/ 
- Oc - uracil 

\I/ \ c ~ ~ ~ ~  
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to investigate (a) why the hydantoin is the first intermediate when urea colldei~ses \\-it11 
oxaloacetic ester, (b) whether the same kind of ring enlargements were possible \\-it11 
other five-men~berecl ring substances, and (c) the isolation of possible intermediates of 
the above rearrangement (I + I I). 

COOEt COOEt 
I I 
co C-OH 
I 2 I !  - 

CH s C 1-1 
I 
COOEt 

I 
COOEt 

1-1 S-CO 
H ' 1 I - OC C=CH-COOEt 
urea 

\N/  

Oxaloacetic acid and its esters (111) are present in the pure state or in non-polar 
solvents (16, 17) as the en01 form (IV) which may exist in the trans (hydroxy-f~~maric) 
or cis (hydroxy-maleic) form. I t  is formally the latter which, after condensation \\-it11 
urea, gives the five-nlembered ring hl-dantoin. I11 fact, one could 1-easonabl). espect 
ethyl orotate only from the tram (fumaric) form of the intermediate hydantoic ester 
(ureidofumaric acid). For the same reason one could expect a cis-trans isomerization 
to occur previous to or during the alkaline conversion of the h-)~dantoin to orotic acid. \Ire 
were able to isolate two isomeric forms of the hydantoin (V, VI),  one of which has not 
been described previously, by eluting the potassium salt of I through a ~ 0 1 ~ 1 1 1 1 1  of cation- 
exchange resin (cf. Experimental). Proof of the structure was obtained by ultraviolet 
spectra, which showed two pealts a t  235 mp and 294 m p  characteristic of h-)~dantoin 
structure (cf. 14), by infrared spectra, by the facile conversion of one isomer to the 
other, and by the fact that both substances gave, upon reduction with sodium amalgam, 
the same hydantoin-5-acetic acid. Furthermore, we were led to attribute tentatively 
structure V to the lo~ver melting isomer, on the basis that the increase of the infrared 
frequency of the carbonyl in position four and the decrease of the C=O frequency in 
position two, together with the shift of the OH frequency due to hydrogen bonding, 
are better explained by structures of the type VII.  Therefore the complete mechanism 

for the alkaline conversion of I to orotic acicl may reasonably assume the following 
form going through the steps: (a) cis-trans i~oinerizatioil,~ (b) alkaline cleavage, and 
(c) aromatization to the more stable pyriinidiile s t r ~ c t u r e . ~  

3The  reversible addi t ion of the elements of water to  the do t~b le  bond (c f .  1 9 )  i s  a possible nzechanisn; for th is  
isomerization. 

IOrotic acid i s  esse?rtially a hydroxy Pyrinzidine ill a lkal ine  nzediz~nz ( r f .  18) .  
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O\\ 
C-SH 
I I 

H-N C=O 
\c/  

For a parallel experiment with a parent compouncl, we chose the corresponding pseudo- 
thio-hydantoin (VIII) ~vhich we s>-nthesized in good yields from thiourea and maleic 
anhydride through the saturatecl thiazolidinedione-5-acetic acid. The ultraviolet spectruin 
of the new substance VIII in ethanol rese~nbles closel) that  of 5-carboxymethyliclene- 
l ~ ~ d a n t o i n  (cyclic, five-membered structure) and the infrared spectrum of the corre- 
sponding methyl or ethyl esters shows the four expected bancls a t  1772 cm-I (4-CO), 
1735 cm-I (2-CO), 1690 cm-l, and 1620 cm-I (a@-unsaturated ester). 'The free acid had 
a similar spectrunl but with two more bancls (I<&) a t  1785 and 1700 cm-I which could 
possibly arise from dimerization5 (20). The free acid has a re~llarltable stability; it was 
recovered unchanged after being refluxed with an aqueous solution of HC104 and, \i~hen 
subjected to the same conditions for the orotic acid alltaline rearrangement, the starting 
material or its monopotassium salt were recovered again in high yield (cf. Experimental). 

The potassium salt6 by elution through a cationic eschange resin gave, like the above 
hydantoin, an isomer whose cyclic structure was evidenced by ultraviolet absorption, and 
which could be converted to the other forin by crystallization from boiling water. Both 
isomers were reduced to the same saturated acid by the action of sodiu~n amalgam. 

The fact that in the case of the five-membered ring sulphur compound a ring enlarge- 
ment to the corresponding metathiazine structure (IX) was not achieved, in spite of 

I I 
OC C-CH-COOH 

\ S /  

(VII I )  ( I S )  

'For a discacssion abozrt carbo?tyl bnnd splitting, rf.  (26).  
C f .  ( 9 )  for tlte re?narkable stability of potassizi?n orotate. 
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the isoinerization, may be explained by considering the stabilit). of structures of the 
t1-pe X xvhich could arise from the enolic form of the hydantoin (21). The polarit!. of 
the exocyclic double bond (conjugated with the acid) would be strongly opposed in 
the structure X as it is in the case of 1,2-~yclopente1~ediones (enol form XI)  (22) which, 
accordingly, exist only in the lceto form. With the sulphur compound evidently no en01 
structure of the type X I  (in alltaline solution) urould be possible, thus explaining the 
observed stability of the five-membered thiazolidine ring. 

I t  ma!- be mentioned here that the in vitro conversion of 5-carboxymethylidene- 
hydantoin to orotic acid is not likely to occur in vivo, since the two substances she\\- 
antagonistic effects following subcutaneous administration in the rat (2). An account of 
the biological activit). of the sulphur analogue of the above hydailtoin will be reported 
elseu~here. 

2-Imino-4-0x0-5-thiazolidi?zeacetic Acid 
This cornpourid was prepared in 72% yield from thiourea, according to the method 

of A~lclreasch (23) reported by Flett and Gardner (24), m.p. 252-233' dec. (reported 
to decompose above 220'). v:,:: 3300, 3150 cm-I (OH, NH) ; 2400 cm-I (broad) ; 1690, 
1645 cm-I (C=N and C=O). Calc. for CSHsN,03S: C, 34.487,; H,  3.47%; N, 16.0970; 
S,  18.40%. Found: C, 34.62%; H ,  3.71%; N, 16.34%; S,  18.28%. 

2,d-Dioxotl~iazolidine-j-acetic -4cid 
A solution of 63.237 g of 2-imi~lo-4-0x0-5-thiazolidi~~eacetic acid was refluxed for 2 

hours \\-it11 G30 1111 of 207, sulphuric acid. Upon cooling, 42.6 g of 2,4-dioxothiazolidine- 
5-acetic acid crystallized out,  m.p. 168' (lit. 168-163' (25)). 

Estraction of the mother l i q ~ ~ o r s  with ethyl acetate and evaporation of the solvent 
in vaczlo gave another 19.9 g of less pure product, 111.p. 163-168'. Total yield 98%. 
v ~ ~ ~ r  o- 9300 , 2080 an-' (OH, K H ) ;  1760, 1740 cm-I (-L and 2 C=O); 1700 cm-l (acid 
C=O) . 
5-Carboxymethylide~zz-2,~-dio.~otlzinzolidne (\TI I I) 
X mixture of 26.25 g of 2,4-diosotl1iazolidine-5-acetic acid in 90 ml of acetic acid 

containing 8.2 ml of bromine was refluxed for 2 hours. Hydrogen bromide was evolved 
and from the clear solution, upon cooling, the product crystallized out  in 607, yield. 
The crystals were collected on a filter, \\lashed with a little acetic acid and water, m.p. 
248" clec. X sample was recr)~stallized from water three tiines for analysis; needles, 
111.1). 232-253' dec. Calc. for C5M3N04S: C,  34.68Yo; I-I, 1.75%; N,  8.0'37,; S, 18.51%. 
Founcl: C ,  34.80%; H ,  1.92%; N,  7.987,; S, 18.30%. XE::," 236 Inp ((E 43GO), 302 mp 
(E 6320). ~2:: 3240, 3080, 2930 (OH, NH)  ; 1773, 1758 cm-I and 1723, 1700 cm-I (split 
carbonyls) ; lG70 and 1622 cm-I (a@-unsaturated acid). 

The m e t h y l  e s ter  was prepared by refluxing the acid (0.5 g) in 10 1111 of methanol and 
0.5 ml of sulphuric acid for 1 hour. Dilution \\rith water gave 5-carbomethoxymethylidene- 
2,4-dioxothiazolidine, m.p. 160-162", in 80% yield. The product \\-as recrl-stallized froin 
water for analysis, m.p. 163-164'. Calc. for C6H5O4NS: C,  38.19%; H ,  2.697,; N, 
7.48%; S, 17.13%. Found: C ,  38.247,; H,  2.89%; W, 7.667,; S, 17.21%. v2,B 3250 cm-' 
(NH) ; 1770 and 1732 cn-I (4 and 2 C=O) ; 1690 and 1618 c~n-L (a$-unsaturated CO). 

The e t h y l  ester  was prepared in an analogous manner, 1n.p. 128-130°, 240 mp  

'll/feltin,o points, taken i n  ezacuated capzllaries, are corrected. Analyses by Schwarzkopf ~lficroanalytical 
Laboralorzes, Woodside, N. Y. Tlre infrared spectra were taken with a Berknzatt IR-+ spectropltotometer (KaC1 
optics). 
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( E  394O), 305 mp ( E  6000). v:;: 3300 (NH) ;  1770 and 1720 cin-I (4- and 2- CO);  I690 
and 1630 cm-1 (a$-unsaturated CO). 

Stabi l i ty  of 5-Carboxymethy~~idene-R,.4-dioxoth~azo~idine in Ac id ic  Conditions 
To  a solution of VIII,  0.449 g in 20 ml of water, was added 2 in1 of 72y0 perchloric 

acid and the whole was refluxed for 30 minutes. Upon cooling, 0.3 g of the starting 
material (VIII),  m.p. 248' clec., crystallized out. The product was identified by infrared 
spectra and mixed melting point with authentic material. 

Stabi l i ty  of 5-Carboxymethylidene-2,4-diozothiazolidine ill A lka l ine  Condi t ions  
X solution of VIII ,  0.693 g in 15 1111 of 1 N ICOH, was kept 30 minutes a t  100". After 

cooling, 8 ml of 1 N HC1 \\.as added. The monopotassium salt of VIII crystallized out; 
needles, 111.p. 270" dec. (lvith previous browning). Calc. for CjH2SOASIC: C,  28.43%; 
H ,  0.9570; N, 6.63%. Found: C ,  28.55%; H ,  1.02%; N, 6.69%. XEk:: 235 mp ( E  1330), 
298 mp ( E  2600). v::: 2550 (broad); 1730, 1G90, 1630, 1580 cm-I (4- and 2-CO, a,p- 
unsaturated ionized acid). 'The same salt (infrared and mixed melting point comparison) 
was obtainecl nrhen the unsaturated acid (VIII) was neutralizecl with 1 N IiOH in the 
cold, followed by concentration of the solutioi~ in uacuo. 

Lozver Melting 5-Carboxymetlzylidene-2,h-dioxothiazolidine 
,A solutioi~ of 0.782 of the potassium salt of VIII in water was passed through a 

column of cation exchange I-esin Amberlite 1.R.-120 (H). The aqueous fractions were 
extracted with ethyl acetate ancl the organic solvent was evaporated in vacuo to give 
a cr~.stalline residue (0.7 g),  111.p. 200-205' dec. v:;: 3400, 3220, 3080 (OH, NH) ;  1768 
:uid 1722 (4 and 2 C=O); 1690 (sl~oulcler); 1670 and 1615 cm-I (a$-unsaturated CO). 
XEt0" Ills\ 240 mp ( E  3840), :I03 mp ( E  4000). \Vhen this substance \\-as crystallizecl froill 
\vatel-, the original higher melting isomer was obtained, and identified by infrared and 
mixecl melting-point cleterminations. 

Rerilrction of 5-Carbowynzetl~ylidene-2,~.-dioxotl~ia&ne 
To  a suspension of 0.759 g of VIII in 2.5 1111 of water, stirred in an ice-water bath in 

a CO? atnlosphere, 23 g of 2% soclium amalga111 was adcled piecemeal. 
After 2 hours the clear solution \\.as decanted from the mercury, acidified \vitli 20% 

sulphui-ic acid, ancl extracted with ethyl acetate. Evaporation of the solvent gave 217 mg 
of 2,4-dioxothiazolidine-%acetic acid, identified by mixed melting point and infrared 
determination with authentic material. 

\Tihen the lower m e l t i ~ j g  isomer \\;as reduced in a similar way, the same product, 
2,4-dioxothiazolidine-5-acetic acid, \\:as obtainecl in siinilar yield. 

5-Carbetlzoxymethylide~zelzyda~ztoin ( I ,  R = Et)  
This substance was preparecl according to the inethod of Miiller (13) from ethj-1- 

oxaloacetate and urea. The 5,ields were in the 10-20% range, m.p. 184-186' (reported 
188'). 235 111p ( E  7920), 300 inp ( E  73130), vz,B: 3250 (NH) ;  1800, 1760 (4- and 
2-CO); 1693 (C=l\;), 1680, 1640 cm-I (shoulder) (a$-unsaturated CO). 

5-Carboxy~netlzylidenel~ydantoin (I ,  R = H) 
This acid was prepared by careful hydrolysis of the corresponding ester ( I ,  R = Et) ,  

184 mg, dissolvecl in 2.3 1111 of ethanol, by addition of 0.1 g ICOH in 0.4 1111 water. The 
\ello\v solid formed was dissolved in 3.6 1111 of water. Acidification with concentrated 
HCl precipitated the product, 111.p. above 300' with gradual decompositioi~. XEg? 237 n ~ p  
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(E 7800), 300 111p (13000). v::: 3550, 3300, 3100 cm-I (OH, NH) ; 1790 and 1743 cm-I 
(4 and 2 C=O); 1680 (broad); 1638 cm-I (shoulder) (or,P-unsaturated C=O). X lower 
melting isomer was obtained by clissolvii~g the above acid in 1 N ICOH and by eluting 
the slightly allialiile solutio~l through a coluiliil of Ainberlite 1.R.-120 (H) (cation 
exchange resin). 

The aqueous fractions coinbinecl were extracted with ethyl acetate, the solvent 
removed in aaczto to give an acid, 111.p. 230" clec. v:::: 3320 (broad); 2993 (bondecl OH, 
NH) ;  1800 cm-I (4-CO i11 P,y-unsaturated ring), 1723 (2 CO or C=N), 1690 cm-I 
(acicl CO). A:::: 235 111p (E 5150), 294 mp (6 8830). When this substance was recrystal- 
lized froin water, the higher ineltiilg iso~ncr W ~ S  obtained (infrared spectra identical). 
Both isomers gave, upoil reductioil with Na/Hg (compare the above described pro- 
cedure), the same 5-hydantoin acetic acid, 111.p. 212" dec. (lit. 214" (14)). 

Orotic Acid 
This substance was obtained by the allialine rearrange~nent of 5-carboxyinethyliclene- 

hydantoin according to Nyc and i\4itchell (14), 1n.p. 320" dec. v::: 3580, 3150, 3050 cm-I 
(OH, NH) ; 1740 (shoulder) ; 1715 and 1680 cm-I (broad) (C=N, C=O). The infrared 
spectr~iim was idelltical \\;it11 that of an authentic sample. 

ACKNOWLEDGMENTS 

The present \vorli was supported by a grant of the National Research Council. We 
are grateful to Professor Ch. R. Ellgel for his liilld interest and encourageineilt aitd for 
mal;ing the facilities of his laboratory available to us. 

REFERENCES 

1. I<. DEGHENGHI. Chem. Ber. 90, 255 (1957). 
2. C. MESTZEIL Compt. rend. soc biol. 150, 1360 (1956). 
3. G. BISC.IRO and E. BELLOYI. .4nn. Soc. Chim. Milano, XI ,  fasc. I and I1 (1905). 
4. P. REICHARD. The function and biosynthesis of orotic acid. 112 The nucleic acids. Vol. 11. Edi ted  by 

E. Chargaff and J.  \\I. Davidson. Academic Press Inc., New York. 1955. p. 299. 
5. SPXIPOSIU>I OK PYRIJIIDINES. cf. C. A. Rossi et al. Acta Vitaminol. 12, 195 (1958). 
6. V. GRIGNARD. Trait6 de chimie organique. Vol. S X ,  1953. p. 1340. 
7. J .  E. STONE and V. R. POTTER. Cancer Research, 16, 1033 (1956). 
8. M. BACHSTEZ. Chem. Ber. 63, 1000 (1930). 
9. T.  B. JOHNSON and W. T .  CALDWELL. J.  Am. Chem. Soc. 51, 873 (1929). 

10. H. L. \\IHEELEI<. Am. Chem. J.  37, 392 (1907). 
11. H. I<. MITCHELL and J.  F. NYC. J. Am. Chem. Soc. 69, 674 (1947). 
12. H. BILTZ and E. I<RAMER. Ann. 436, 165 (1924). 
13. R. MULLBR. J. prakt. Chem. 56, 488 (1897). 
14. J. F. NYC and H. I<. MITCHELL. J. Am. Chem. Soc. 69, 1382 (1947). 
15. B. W. LANGLEY. Yale J.  Biol. and Med. 27, 135 (1954). 
16. I<. H. MBYER. Chem. Ber. 45, 2843 (1912). 
17. A. HANTZSCH. Chem. Ber. 48. 1407 (19151. 
18. C. COOPER. J .  Biol. Chem. 216, 37 0955). 
19. D. SHUGAR and I<. L. WIERZCHOWSICI. Biochim. e t  Biophys. Acta, 23, 657 (1957). 
20. M. M. DAVIES and G. B. B. M. SUTHERLAND. J .  Chem. Phys. 6, 755 (1938). 
21. E.  WARE. Chem. Revs. 46, 403 (1950). 
22. G. S. HAMMOND. I ? z  Steric effects in organic chemistry. Edi ted  by M. S. Newman. John \Viley. 1956. 

p. 451. 
23. R. ANDREASCH. Monatsh. 18, 56 (1897). 
24. L. H. FLETT and W. H. GARDNBR. Maleic anhydride derivatives. John WiIey. 1952. p. 234. 
25. R. T A ~ ~ B A C H .  A m .  280, 333 (1894). 
26. R. N. JONES, C L. ANGELL, T.  ITO, and R. J. D. SJI~TII. Can. J. Chem. 37, 2007 (1959). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

Y
O

R
K

 U
N

IV
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




